ABSTRACT Body composition (BC) analysis is important because the modern broiler is one of the most efficient animals in producing protein for human consumption, and a proper nutrition could potentiate this meat production. BC by chemical analysis was analyzed in 151 broilers from 1to 60 d of age. Birds were fed mash feeds ad libitum in four phases (starter 1 to 14d, grower 15 to 28 d, finisher 29 to 42 d, and withdrawal 43 to 60 d). Gompertz 3P model, multiple linear regression, and CRD with ANOVA analysis were used in the experimental design using JMP pro 2015. The growth in terms of body weight, protein, fat, minerals (Ca and P) followed a Gompertz 3P model with similar growth rates of about 4.9% per day and the maximum growth was obtained at about 34 d of age. Body weight ranged from 56 to 4184 g, water from 683 to 751 g/kg, protein from 154 to 182 g/kg, fat from 53 to 101 g/kg, minerals (ash) from 17.9 to 22.5 g/kg (AS IS basis).
INTRODUCTION
Evolution of poultry meat production dates back to more than 3000 yr. Pigeons, ducks, and geese were bred in China and chickens were developed and domesticated from Asian jungle fowl (FAO, 2010) . In the 16 century, chickens were introduced into America from Europe, and eventually resulted in the dynamic poultry industry that presently exists. Due to the increase in technological advancements and research, the poultry meat industry experienced a rapid development since the 1930's accounting for 30% of the global meat production in 2010 (FAO, 2010) . In the 1940's and 1950's, genetic companies focused on selecting chickens for meat consumption (Havenstein et al., 2003a ) and continue to select for increased yield. Genetics and nutrition have contributed 85 to 90% and 10 to 15%, respectively, to development of the current broiler C 2018 Poultry Science Association Inc. Received November 26, 2017. Accepted October 17, 2018. 1 Corresponding author: ccoon@uark.edu type chicken (Havenstein et al., 2003b) . The body composition of the broiler has been changed through the years and there remains more opportunity for continued change. Muscle growth is affected by intrinsic factors (e.g., genetic factors) and extrinsic factors such as nutrients, metabolism, sex, hormones, and activity. For example, birds from slower growing genotypes had higher protein content; however lower breast and thigh muscle yield (Mikulski et al., 2011) . This author also showed that free range chickens had a higher protein but were less juicy and had a darker color compared to chickens raised indoors because of the increased activity when the birds are outdoors. Energy intake and diet composition can also change carcass composition of meat producing animals. A study by Boekholt (1997) shows that total energy retention consists of basic daily protein retention and a variable additional energy retention mainly consisting of fat. The 4 major components when carcass composition is measured are water, protein, fat, and mineral content. Water is the major component, followed by protein which is found throughout the body with over 40% in skeletal muscle, 866 over 25% in body organs, with the remainder mostly found in the skin and blood (Gropper et al., 2009 ). Protein deposition is very rapid during early life and it is determined by the high fractional rate of protein synthesis in skeletal muscle (Davis and Fiorotto, 2005) . Regarding fat composition, modern meat animal production requires minimal fat deposition but many factors need to be controlled to achieve high protein and low fat content. For example, an animal that is reared under non-optimal weather conditions may require fat depots for insulation, to provide oxidative substrates, and to produce metabolites that help regulate their metabolism (Mersmann and Smith, 2005) . Minerals in the carcass are mainly composed of Ca and P. The genetic potential of broiler chickens requires integrating appropriate nutrition, management and health issues to produce economically viable quality meat. Information on the composition of whole carcass of modern meat-type broilers is limited. The carcass composition analysis needs to be evaluated for different genetic strains, standard nutrition, and management practices. The objective of the present study was to provide carcass composition in terms of protein, fat, mineral (Ca and P), and gross energy of broilers at different points of the growth period from 1to 60 d fed standard diets.
MATERIALS AND METHODS
All management practices and procedures were approved by the University of Arkansas Institutional Animal Care and Use Committee (IACUC) # 12,041.
Birds and Housing
Four hundred eighty, 1-day-old Cobb male chicks of a commercial strain (Cobb Vantress, Siloam Springs, AR) were obtained from a local hatchery (Cobb hatchery, Fayetteville, AR) and reared in 4.5 m 2 floor pens of 40 chicks per pen. Each pen was equipped with water lines containing 10 nipples per line, two hanging type feeders, with a round pan that provided 208 cm of feeder space per pen. Chicks from the same flock were placed in 4 different groups. Group 1 with 160 chicks for starter period (1 to 14 d), group 2 with 120 chicks for the grower period (15 to 28 d), group 3 with 80 chicks for finisher (29 to 42), and group 4 with 120 chicks for withdrawal period (43 to 60d) to avoid changing chicks/m 2 due to the sampling. Chicks were selected at twelve points during the grow-out period from body weight (BW) mean ± 1.6 SD at 1, 4, 7, 12, 17, 22, 27, 33, 39, 47, 54 , and 60 d of age for carcass composition evaluation. The average number of chicks selected at each point was 12 (ranged from 9 to 16) and the difference in numbers selected was the availability of the chicks in the range of the desired BW at each point of evaluation. The total number of chicks used was 151 out of 480. Regarding the ventilation of the broiler house, the house was equipped with 4 tunnel fans in the far end wall. The side-walls were solid with 7 vent-boards on each wall. The vent-boards automatically opened prior to fans coming on and their opening was adjusted automatically based on desired static pressure. The 2 cool cells were covered with a curtain that were automatically lowered and raised based on desired temperature and to maintain a static pressure of .09 when any of the tunnel fans were running. The controller was programmed to maintain specific temperature and ventilation curves based on the age of the bird. Temperatures in the broiler house were changed according to the genetic broiler management recommendations (Cobb 500, 2012) starting at 33
• C and decreasing 3 • C every week until 18
• C at 42 d and maintaining 18
• C until the end of the study. The light program was 23 h. light: 1 h. dark for all feeding periods.
Diets and Feeding Program
Broilers were fed mash diets ad libitum from 1 to 60 d of age. Four feeding programs were used, starter 1 to 14 d, grower 15 to 28 d, finisher 29 to 42 d, and withdrawal 43 to 60 d. Diets consisted of a corn-soybean meal basal formulated to provide the Cobb 500 nutrient specs (Cobb Vantress, 2015) (Table 1) . Major ingredients such as corn and soybean meal, and minor ingredients such as wheat middlings and distiller's dried grain with solubles (DDGS) were analyzed with Near Infrared Reflectance (NIR) (Bruker, MA, USA), the spectra sent to Precise Nutrition Evaluation program -PNE (Adisseo, Antony, France) for analysis of Apparent Metabolizable Energy corrected by Nitrogen (AMEn), total and digestible amino acids, Ca and P. Diets were formulated using Brill Formulation software (Feed Management Systems, Hopkins, MN) using the values from analyzed ingredients.
Body Composition Analysis
At each point of evaluation from 1to 60 d, birds were selected in the morning after 6 h of feed deprivation for emptying the gastrointestinal tract. Birds were humanely killed by CO 2 inhalation. Carcasses were frozen for future analysis. The preparation of the dry homogenates from the whole chicken was prepared in a similar way as described by Salas et al. (2012) . Briefly, carcasses were thawed for 24 to 36 h and transferred to individual aluminum tubs and water was added as 10% of BW to avoid adhesion of the carcass to the container during the autoclave process. Chickens, tubs, and water were weighed for initial weight and the container covered with aluminum foil and autoclaved at 121
• C with 22 psi pressure. The time in the autoclave varied from 1 to 6 h depending on the BW. Once the cycle was finished, the carcasses were left in the autoclave for at least 2 h for atmospheric pressure to reach zero and carcass temperature normalized to laboratory conditions. Tubs were reweighed and if losses were observed, it was assumed to be water loss. The whole broiler including feathers and visceral content were homogenized with a heavy duty blender (Waring laboratory, Blender, Model CB15). After homogenization, about 120 g sample was obtained and frozen for 48 h before freeze drying for 2 wk period. Dried samples were reweighed and ground for future analysis.
Laboratory Analysis
Dry matter (DM) was determined by weighing the sample before and after freeze drying. The water content was determined by subtracting DM from 100, but it also accounted for the water loss in the autoclaving process. Nitrogen was analyzed by the method 990.03 (AOAC, 1995) and carcass protein was defined as N x 6.25. Fat was extracted and analyzed by method 920.39C (AOAC, 1990) . The mineral content (ash) was analyzed by the method 923.03 (AOAC, 1990) . The method for minerals, Ca, and P was 968.08 (AOAC, 1990) adapted for an inductively coupled plasma (ICP). The gross energy (GE) was determined with a bomb calorimeter (Parr 6200 bomb calorimeter, Parr Instruments Co., Moline, IL.). All analyses were conducted at the Central Analytical Laboratory, University of Arkansas, and Center of Excellence for Poultry Science, USA.
Calculations
The BC was reported AS IS in absolute g or g/kg of body weight (BW). Body composition will also be reported as DM by dividing the components over the dry matter, g/kg. Water, protein, fat, minerals, and rest are considered for body composition and they were summed to 100%. Values were reported in AS IS basis, Rest AS IS = 100-water-protein-fat-ash, and also values reported as DM, then Rest DM = Dry Matter-proteinfat-ash. Rest is assumed to consist mainly of glycogen (Boekholt, 1997) and variability of the analysis. Ratio of Ca and P in the body was reported as Ca/P. The gross energy of the body is mainly due to the amounts of protein and fat that have been deposited. A multiple linear equation was fitted to obtain the calorific coefficients for protein and fat. The slopes of the equation for protein and fat are considered to be the calorific values for each nutrient.
Statistical Analysis
Carcass composition was analyzed by Gompertz 3P growth model. The Gompertz 3P model = a * e [-e [-b * [age-c] was fitted in a non-linear platform of JMP pro12 where a = asymptote, b = growth rate, and c = inflection point. Asymptote is the adult body or body composi- tion weight. Growth rate is relative growth at the inflection point but when multiplied × 100, growth was expressed as a percentage per unit of time (d). The inflection point in the Gompertz growth model is defined as the age (d) when growth rate was maximum. A complete randomized design (CRD) was performed and one-way (age) ANOVA analyzed. Means were separated using a Tukey HSD test when ANOVA was significant. P-value was considered significant when P ≤ 0.05. A multiple linear regression model (method least squares) with two independent variables (X 1 = protein and X 2 = fat) was fitted to obtain the calorific values for body protein and body fat. The model that describes this relationship is:
Y =β 0 +β 1 X 1 +β 2 X 2 + ∈ where: Y = Body energy content, kcal β 0 = Intercept β 1 = Partial regression coefficient for body protein X 1 = Body protein content, g β 2 = Partial regression coefficient for body fat X 2 = Body fat content, g ∈ = Error term (Douglas, 2013) . All analyses were performed using JMP12 (SAS institute, 2015).
RESULTS

Growth Curves
The Gompertz 3P growth curve for BW and its components (water, protein, fat, minerals, Ca, and P) fitted against age are presented in Table 2 and Figures 1 and 2. For every response variable (BW, water, protein, fat, minerals, Ca, and P) the interpretation of the data is similar. The adult BW, water, protein, and fat was 5465, 3676, 1001, and 526 g, respectively; and the adult mineral content, Ca, and P were 108, 27, and 21 g, respectively. The R 2 for the models were 0.983 to 0.990. The growth rate relative to the inflection point was similar for all the parameters evaluated in the present experiment. The growth rate for BW, water, protein, and fat was 4.7, 4.8, 4.9, and 5.1%, respectively, and 5.1, 4.7, and 4.8% for minerals, Ca, and P, respectively. The age at which the growth rate was maximum was very similar as well. The growth rate of BW, water, protein and fat was 33.5, 32.3, 34.5, and 35.1 d of age, respectively, at which the growth rate was maximum, and 31.7, 34.4, and 33.5 d of age for minerals, Ca, and P. The RMSE (root mean square error) which measures how far the data are from the model's predicted values were relatively low (<4.0%) which is desirable for all the growth curves evaluated.
Body Composition
The growth curves provided information about the rate at which the growth of each body component is growing; however, when the data need to be expressed as g/kg of BW, more information can be drawn to understand the dynamics of the growth of each part of the body in terms of percentage. The BW range in the present study was from 56 (day 1) to 4184 g (day 60) (Table 3) , the coefficient of variation (CV) varied from 6.6 to 9.4% which is typical for a uniform flock (Cobb, 2012) . The g/kg body water content was the highest for day 4, 7, and 12 (741, 746, and 751 g/kg, respectively) compared to other ages (P ≤ 0.01). The water content was not the highest at day 1 (724 g/kg) (P ≤ 0.01). The body water was the same at day 1, 17, 22, and 27. (724, 739, 724 , and 719 g/kg, respectively). The lowest body water was from day 39 to 60 (P ≤ 0.01). On day 33, the water content was the same as day 27 and 39. The CV for body water ranged from 0.90 to 3.1%. Body protein was the highest on d60 (182 g/kg) (P ≤ 0.01) but it was not different from day 54 (180 g/kg), day 47 (180 g/kg), day 39 (177 g/kg), day 33 (173 g/kg), and day 27 (172 g/kg) (P > 0.05). The lowest protein content (AS IS) was from d4 to d22 (146 g/kg to 155 g/kg) compared to the other ages. Body protein at day 1 was higher than day 4 to 17, but not different from day 22 to 39. The body protein CV ranged from 2.6% at d33 to 7.0% at d39 (Table 3) . Body fat was the highest on d60 (101 g/kg) (P ≤ 0.01) but not significantly different from day 54 (95 g/kg), day 47 (98 g/kg), day 39 (100 g/kg), and day 33 (90 g/kg) (P > 0.05). The lowest body fat was found at day 7 (53 g/kg); however, this was not significant from day 1, 4, and 12 (P ≤ 0.01). The CV for body fat was higher than the CV for protein and water content; lowest CV was 10.1% on day 54 and highest 35.2% CV on day 7. The body mineral content was similar for day 27 (22.5 g/kg), day 12, 39, 47, 54, and 60 (P > 0.05). The lowest mineral content was on day 1 (17.9 g/kg); and day 4 (18.5 g/kg). The CV for the mineral content ranged from 3.9% at day 12 to 8.8% at day 39. An overall comparison is shown in Figure 3 , where water makes the highest component of the body, followed by protein, fat, and minerals. Once the water content was taken out of the calculation the analyses are shown in Table 4 on DM basis. The total DM of the body was higher after 33d, being the highest on day 60 (317 g/kg) (P ≤ 0.01) compared to other ages but not different from day 54, 47, and 39. The lowest DM content was at early stages of life younger than d22. On day 12 (249 g/kg), the value was not different from day 4, 7, and 17. The CV of the DM ranged from 3.6 to 6.9%. The protein content expressed as g/kg DM was the highest on day 27 (613 g/kg) and significantly different compared to day 22 (563 g/kg) (P ≤ 0.01), but the g/kg DM protein was the same for the other ages. The CV on protein content was lower than 8%. Body fat content in DM was the highest for day 39 (323 g/kg) compared to earlier ages including day 27. The lowest amount of fat DM was on day 7 (193 g/kg) compared to older broilers, so the value was not different from day 1, and day 4 (P > 0.05). The CV was also higher in fat DM content ranging from 7.2 to 29.2%. Mineral content on DM basis was the highest on day 12 (86.6 g/kg) compared to other ages, except for day 7, and day 27. The lowest mineral values were found on d1, however these values were not different from day 4, and ages higher than day 33. The CV for mineral component in DM ranged from 4.9 to 12.0%. Protein, followed by fat and minerals represented the highest amount of the dry matter content of the body. Calcium and P are the major components of the skeleton, so both were analyzed and the values expressed on a DM basis are provided in Table 5 . Calcium was the highest on day 12 (18.9 g/kg) compared to other ages (P ≤ 0.01) but not different than day 17, 22, and 27 (P > 0.05). The lowest amount of Ca was found on day 1 (11.7 g/kg) compared to other ages (P ≤ 0.01) except for day 4 (13.3 g/kg) (P > 0.05). Phosphorus was the highest on day 12 (15.3 g/kg) compared to other ages (P ≤ 0.01) but not from day 7, 17, and 27 (P > 0.05). The lowest amount of P was also on day 1 (10.3 g/kg) compared to other ages (P ≤ 0.01). The ratio of Ca: P in the body ranged from 1.03 to 1.28. The highest ratio was on day 60 compared to day 1, 4, 33, and 54. The lowest ratio was found on day 4 (1.03) compared to other ages. Ca and P in the body were expressed as % of mineral content. Ca g/100ash minerals was the lowest on day 1 (15.9%) (P ≤ 0.01) compared to other ages. The highest % was on day 54 (18.8%) compared only to day 33 (17.5%) and day 1 (P ≤ 0.01).
Energy Content in the Body
The GE and ratio of protein: fat in the broiler are shown in Table 6 . The highest amount of GE observed in broilers AS IS was on day 60 (1889 kcal/kg) compared to other ages except day 54, 47, and 39 (P ≤ 0.01). The lowest GE was on day 7 (1387 kcal/kg) compared to other ages except day 4, 12, and 17. The lowest CV for GE was on day 33 (2.7%) and the highest CV on day 7 (11.3%). When the water content was removed from the calculation, the GE content (kcal/kg) was similar among ages. The highest GE value for broiler DM was on day 60 (6001 kcal/kg) and significantly higher compared to day 1, 7, and 12 (P ≤ 0.01). The lowest GE was on day 7 (5545 kcal/kg) compared to other ages except day 1 and 12 (P ≤ 0.01). The CV of the body GE (DM) ranged from 1.8 to 5.4% and was lower than CV on AS IS. Protein: fat ratio was the highest on day 1 (3.08) compared to other ages except day 4, 7, and 12. The protein: fat ratio however showed high variability (8.7 to 34.7%). Figure 4 depicts the body GE and the protein: fat ratio from 1 to 60 d. The predicted energy values for protein and fat gain were accomplished by fitting a multiple linear regression line, where the response variable Y = body GE (kcal) and the predictors X 1 = protein (g), X 2 = fat (g), and the slopes of these values can be used to predict the calorific values (Table 7, Figure 5 ). The R 2 (0.99) and the p values of the estimates for protein (P ≤ 0.01), and fat (P ≤ 0.01) were high and acceptable for prediction. Therefore, the estimates (or slopes) can be used for prediction only. The calorific values were given by each phase of feeding. The estimate of energy for protein gain was the highest (6.03) in the starter (1 to 14 d), and the lowest (4.59) during the finisher (29 to 42 d). During the withdrawal period, the value was 5.40. The overall calorific value for protein resulted in 5.45 ± 0.09. The calorific value for fat was highest in the grower phase (10.26) and the lowest in the starter phase (8.35). The overall fat calorific value was 8.95 ± 0.16 (Table 7) 
DISCUSSION
Growth Curves
Growth is a characteristic of living organisms and the simplest definition would be getting bigger (Lawrence and Fowler, 1998) ; however, the process of growing is very complex. Gompertz and Logistics models are usually used to fit growth over a unit of time, each of them have different assumptions (Winsor, 1932) . A Gompertz model better fits biological growth because it starts with an initial weight while a logistic model starts from zero. A Gompertz model makes assumptions that the quantity of growth is proportional to the organism weight, and that effectiveness of the growth decays with time according to first-order kinetics, when substrate (feed) is not limiting, and growth is irreversible (France et al., 1996) . A good way to understand non-linear models like Gompertz's is to understand the parameters which are given in the model. A Gompertz model has 3 parameters (asymptote, growth rate, and inflection point) and each of the 3 parameters have biological meaning. An asymptote is the mature body weight; growth rate is the rate of gain, and inflection point is the age at which maximum growth occurs at around one third of the way to maturity which is considered normal. The reason the Gompertz model is utilized for describing the growth of the broiler is because the model reflects unrestrained growth with exception to the effects of feed, environment or disease (Gous et al., 1999) . Other groups have also used Gompertz growth for evaluating the broiler body gain (Hruby et al., 1996 , Mignon-Grasteau et al., 2001 , Marcato et al., 2008 . As mentioned, Gompertz 3P produces 3 parameters: asymptote, growth rate, and inflection point (JMP, 2015) which will be discussed for each variable evaluated. The present study used a Gompertz model to explain the growth of broilers in terms of BW, water, protein, fat, minerals, Ca, and P and showed that the adult weight was reached at 5465 g with 4.7% growth rate and maximum gain at 33.5 d of age. Winsor (1932) shows that a typical inflection point of a Gompertz curve is reached when 37% of the final growth has been reached which is also true for this study, the BW at day 33 was 2044 g which is 37% of the maximum adult BW (5465 g). Adult BW reached can be variable depending upon many factors such as genetics, environmental conditions, and plane of nutrition, for example, Soares et al. (2015) reported slow growing autochthonous breeds of chickens in Portugal (Amarela breed) reach adult BW at 2851 g for males and 1952 g for female broilers. The rate of maturing or BW gain shares the same potential as the body components (water, protein, fat, minerals). In the present study, the growth rate of body components ranged from 4.8 to 5.1% and Levels (a, b, c, d, e, f, g ) not connected by same letter are significantly different.
1 Energy content was analyzed as Gross Energy (GE).
was similar to the rate of gain for BW (4.7%), which means the rate of BW gain and rate of component gain share the same potential rate of maturing and are said to be allometrically related. The allometric variables can be predicted from the rate of BW gain or the gain of one of these components. Some parts such as feathers may not follow the same growth potential as the body components evaluated in this study (Gous, 2015 personal communication) .
Body Composition
Life cannot be sustained without water. Water makes up about half to two-thirds of the BW (Pond et al., 2005) , which is exactly what the present study found. The water content of broilers ranged from 683 to 751 g/kg with the highest percentage at an early age compared to the later ages. The water content, however, was not the highest on d1 as expected for newborn animals. The d1 water composition value (724 g/kg) was different from the water at d4 (741 g/kg), d7 (746 g/kg), and d12 (751 g/kg). The lower water on d1 could be caused by the high yolk content in the body of the chick at hatch which is reported to be 10 to 15% of chick BW (Ding and Lilburn, 1996) . The residual yolk is reported to be 35 to 40% lipids in hatching chicks which are the main source of energy after hatch (Noy & Sklan, 1998) . The lower water content in day 1 chicks could also be due to dehydration during transportation which seems unlikely in this experiment because the hatchery was 2 miles from our research facilities and chicks were transported in early morning after hatch. The amount of water as a body component in broilers is generally reduced during the later stages of grow-out period (Twining et al., 1977; Marcato et al., 2008) . In the present study, the broiler water content decreased from day 39 onwards because the protein and lipid increased taking away part of the water content. Body water content remained as a major component of broilers carcass and supplying good quality water ad libitum will help maintain a normal body water composition of broilers. Protein in the body of chicks expressed on AS IS basis was higher from day 27 to 60. This is because the water content in young birds is higher and dilutes the % protein compared to bigger birds that have less water. Body protein values expressed as DM were not different among ages; however, in the present experiment, the lowest protein DM was found on day 22 compared to day 27. The reduced body protein on day 22 corresponds to a higher fat composition (contrast analysis performed between day 22 and 27, P < 0.01). The authors did not find other reports on broiler composition showing the dramatic change in fat and protein deposition data between day 22 and 27 and the observation needs to be investigated further. Body protein is the biggest component when the protein is expressed on DM basis comprising around 59% of the BW which has been cited in other reports when whole body was evaluated (Olukosi et al., 2008) . In fact, genetic companies have worked to increase the lean mass content of broilers because of the value to consumers. Lean comprises water and protein which is the edible component for human consumption. The fat or lipid component of meat is the least desirable to the consumer but lipids have many important metabolic functions in the body. Fat expressed AS IS, as part of the whole body component, accounted for 53 to 101 g/kg. The body fat content included the lipids in the viscera and gastrointestinal tract and represents the whole broiler. The body fat expressed on DM basis was about 27% in present study and about half of the protein content which is in accordance with the values reported by other research groups (Olukosi et al., 2008) . Fat was the lowest during the first week of age which coincides with the highest water content. This is because fat is hydrophobic and more water in the body of a young chick will decrease the opportunity for fat to increase. The mineral component of the body is usually analyzed as ash and it is comprised of Ca, P, Mg, K, Na, Cu, I, Mn, Se, Ni, Cl, and Zn which are also the most important minerals included in broiler diets. Mineral content in this experiment showed a range of 17.9 to 22.5 g/kg AS IS; but when expressed as DM the value was about 70 g/kg. Ca and P are the macro minerals with the highest requirement for poultry, so the analyses in the whole body were performed. Ca was 22% of the total minerals and P was 18% of the total body mineral content. Even though Ca and P are the major minerals of the skeletal system, both comprise only 40% of the total mineral content so there are still other important minerals in the body of broilers. Sales (2014) analyzed the body mineral composition of whole quail and found that Ca was 20.7% and P was 17.6% of the mineral content of the body. The mineral content determined by Sales were very similar to the determined values for the present study. Sales (2014) also analyzed other minerals such as Mg (10.9%), K (11.7%), Na (7.5%), Cu (8.5%), Fe (11.8%), Mn (7.6%), Se (0.9%), and Zn (11.5%) showing the importance of other minerals in birds. In the present study, the mineral content was the lowest during early ages (day 1, day 4), however when expressed as DM, the values tended to be similar to that of older birds. The mineral content of broilers on day 12, 7, and 27 were higher than other ages. Dynamic changes in the growth and mineralization of skeletal system may be part of the reason for increased concentrations in minerals at these ages and another reason may be the formulation changes that occur during the different feeding phases.
In the present study, broiler formulations for Ca and P decreased from starter diets to grower diets on day 14 and decreased again for the finisher period on day 29. The Ca: Non-phytate phosphorus (NPP) ratio in the diet was approximately 2.22 to 2.28:1 (Ca: NPP) for all feeding phases as suggested by NRC (1994); however, the Ca: P in the body was determined to be 1.03 to 1.28 in the present study. The Ca: P in the body accounts for retention so no real comparison can be made to dietary Ca: NPP or to digestible Ca: NPP. The formulation in the feed was total calcium whereas the calcium in the body was dependent upon digestion, absorption, and retention of the calcium. The same circumstances would exist for body P. The retention of the digestible form of P may vary depending upon the level of NPP being fed. For instance, it has been reported that the Ca digestibility from corn-soybean meal are 20 to 30%, and limestone from 60 to 70% (Proszkowiec-Weglarz, and Angel, 2013); therefore, the calcium retention will vary depending on the metabolic processes as well as ingredient use in broiler feeds.
Energy Content in the Body
Protein and fat content are usually used to predict the energy value of the body. For example, Okumura (1979) provides the calorific values of 5.66 kcal/g for protein and 9.35 kcal/g for fat. Changes in the amino acid composition of the protein or changes in the content of fatty acids in body fat could change these coefficient numbers. Multiple linear regressions can be a tool to obtain calorific values of the modern broiler's protein and fat BC. In the present study, calorific coefficient values were obtained at different points of the feeding regimen (starter, grower, finisher, and withdrawal) and an overall value was provided. The values of the slopes or energetic coefficients for protein and fat varied among phases. The starter had higher calorific values and finisher had the lowest calorific values suggesting that protein is more important as source of energy for the starter than for the finisher. Withdrawal phase was expected to produce the lowest calorific coefficient because bigger birds usually contain more body fat content; however, the coefficient was higher than finisher period which correlates with the high amount of body protein found in day 60 broilers. The question then arises is the modern broiler producing more skeletal protein at day 60 than before? With regards to the fat coefficient, the highest value was not in the withdrawal phase but in the grower phase (15 to 28d) and the lowest value was in the starter phase which was expected. It could seem unreasonable that the calorific values for protein and fat are changing according to the age of the bird, 1 g of protein and 1 g of fat should contain the same calorie values at any point of gain but these changes could also be due to changes in protein and lipid turnover of the modern broiler. The data were pooled to provide overall coefficient values: protein was 5.45 kcal/g and fat 8.95 kcal/g. These protein values are slightly different than the values from Okumura (1979) . The calorific value for fat from the present study was lower than 9.35 kcal/g provided by Okumura (1979) . The -0.40 kcal/g difference will make the energy in the modern broiler carcass lower than before which makes sense because genetic companies have been selecting for meat yield and reduced fat over the years. Understanding the dynamics of BC in the modern broiler will bring new opportunities to change feeding strategies and increase the efficiency for meat production while maintaining a healthy broiler.
